Homeostasis in an organism is maintained by activities within and between cells. Therefore, one is required to analyze both the cellular activities within cells, such as metabolisms or signal transduction, and cellular interactions, such as ligand-receptor recognition. We have developed a cellular analyzing system including a "real-time cellular imaging system" and a "comprehensive analysis system for cellular responses" as shown in Fig. 1 . The system has been established using newly developed chemical probes and nano-devices. As chemical probes, we have developed 1) molecular imaging probes, and 2) mass probes.
better fluorescent imaging; thus, highly selective fluorescent probes have already been developed, including fura-22 and fluo-33 for Ca 2+ , KMG-204 and 1045 for Mg 2+ , DAFs6 for NO, etc. With these molecular fluorescent probes, the selective imaging of a particular analyte has been investigated. Because intracellular signal transduction results from various signal transmitters, the simultaneous monitoring of multiple analytes is important. Ca 2+ is an intracellular divalent cation with the largest concentration of variations, and plays a critical role as a signal transmitter, 1 while Mg 2+ is the most abundant divalent cation, and acts as a cofactor in many situations. 2 However, the correlation of the Ca 2+ and Mg 2+ concentrations is not clear, and has sometimes been reported to behave proportionally 3 and at other times to exhibit inverse proportionally. 4, 5 Thus, to clarify the situation, a highly sensitive spatially and temporally resolved monitoring of both cations is required. We now report on the simultaneous imaging of intracellular Ca 2+ and Mg 2+ with a novel single-molecular multianalyte sensor, the Ca 2+ -Mg 2+ multifluorescent probe. 6 We designed the first Ca 2+ -Mg 2+ multifluorescent probe, KCM-1, by combining in a single molecule a coumarin moiety as a stable fluorophore 4 excitable visible light, BAPTA (O,O′-bis(2-aminophenyl)ethyleneglycol-N,N,N′,N′-tetraacetic acid) as the Ca 2+ selective binding site at the electron-donor site of the chromophore, and a charged α-diketone as the Mg 2+ selective 56 ANALYTICAL SCIENCES JANUARY 2008, VOL. 24 Fig. 1 Concept of the cellular analysis system. The cellular analysis system consists of a "real-time cellular imaging system" and a "comprehensive analysis system for cellular responses". The "real-time cellular imaging system" is for measuring multiple phenomena of a single cell in real-time using a newly developed molecular imaging probe and nano-devices. The "comprehensive analysis system for cellular responses" focuses on the screening of molecular interactions and identification by SPR and MS using a nano-fabricated substrate. MS detection in this system is expected to be facilitated by MS probes. Further, the microfluidic device is prospected to connect to this system in order to realize a highly-automated capability.
binding site at the electron-accepting site. The dissociation constants of the BAPTA derivative are typically on the order of 0.1 -1 μM for Ca 2+ and 1 mM for Mg 2+ , while those of the charged α-diketone are on the order of 10 mM for Ca 2+ and 1 -10 mM for Mg 2+ . A fluorine-substituted BAPTA was chosen as the Ca 2+ selective binding site due to its low Mg 2+ affinity. In the event of Ca 2+ binding to BAPTA, the cation binding to the electron-donor site of the chromophore leads to a blue shift in the absorbance and fluorescence spectra based on an ICT-type mechanism. 7 On the contrary, Mg 2+ binding to the α-diketone electron-acceptor site induces a red shift in the spectral bands. KCM-1 was successfully synthesized, starting from the reported fluorine-substituted BAPTA derivative. Figure 2 shows the absorbance and fluorescence spectra of KCM-1 under simulated biological conditions (pH 7.20 (Fig. 3) . With the administration of FCCP, the intracellular Ca 2+ concentration was immediately increased and accompanied by a slower Mg 2+ increase. This observation is consistent with a previous report stating that the mitochondria act as Ca 2+ and Mg 2+ stores, 9 and their different kinetics imply their independent transport mechanism across the mitochondrial membrane. Using KCM-1 will allow the correlation of intracellular Ca 2+ and Mg 2+ to be clarified. Also, by applying a high-power microscope, measurements of the intracellular local concentrations will become possible.
2·2 Probes for MS
We have designed and synthesized mass probes that enable the ionization of various molecules to be effectively detected by MS. MS is used for the detection for microchemical analysis, because it is a tool for one of the most sensitive analysis methods. However, not all molecules can be detected by MS, 57 ANALYTICAL SCIENCES JANUARY 2008, VOL. 24 because some molecules are not efficiently ionized, or are destroyed during ionization. Mass probes are designed for the effective detection of samples by MS by enhancing the ionization effect, and avoiding problems associated with large molecules. First of all, we have developed mass probes for specific functional groups. 10, 11 The chemical structures of KAP-CHO01, KAP-OH01, KAP-CA01 and KAP-NH01 are shown in Fig. 4 . These mass probes have a quaternary amine group as an ionization site; all of them designed to specifically react with samples at room temperature under mild conditions. Because the probes have benzene and alkyl groups, they are soluble in both polar and nonpolar solvents.
Furthermore, mass probes with a cleavage site were developed for the measurement of proteins. 12 Generally, proteins are easily degraded during the ionization step, and are not efficiently detected by MS. We have designed and synthesized a series of mass probes for protein detection (KMP series), which could be a model for a new tool for semi-comprehensive quantitative assays of proteins using MS. In this system, the molecular weights were used as markers. Each mass probe has a quaternary amine site, which does not require further ionization for detection by MS, modified with alkyl chains of various lengths (marker site) and a maleimide group (binding site) that provides a link to a biological sample via the thiol group. The marker site and the binding site are coupled by a covalent bond that can be selectively cleaved due to its photoreactivity (cleavage site). The amount of the target molecule can be determined by the intensity detected by MS of the identified molecular weight of the marker site. Specifically, the amount of multiple proteins in a sample can be measured using the following steps. A sample containing the target proteins is immobilized on a solid phase, while multiple kinds of antibodies are labeled with different mass probes. Each kind of antibody should correspond to a specific molecular weight of the marker site. After adding antibodies to the solid phase with the sample, and washing off the unbound antibodies, the marker sites are cleaved by UV irradiation, and the cleaved marker site is subjected to MS. The amount of the target protein is obtained by dividing the peak area of the marker site corresponding to a specific antibody by that of the internal standard molecule. The molecular structures of KMP-174 are shown in Fig. 5a , with indicating: 1) a binding site that binds to a ligand molecule in a specific manner, 2) a cleavage site that can be cleaved by UV irradiation, 13,14 and 3) a marker site. The spectra of the molecule after cleavage by UV irradiation for 1 min is shown in Fig. 5b . The marker sites were detected as single main peaks at specific molecular weights (174.2).
3 Nano-devices 3·1 Nano electrochemical and optical probes As probes for SECM, nanometer-sized electrodes have been used for imaging living cells, diffusion from nanopores and enzyme activity. 15 The imaging of an individual cell by the SECM technique is particularly important because it can image not only the topological image, but also biochemical reactions, such as the consumption of oxygen. 16 To further understand cells, a hybrid SECM integrated with SPR, AFM and fluorescent spectroscopy has been developed to study the structure and biochemical reactions occurring both inside and outside of cells. 17 We fabricated nanometer-sized electrodes for use in electrochemical and optical imaging by combining selective chemical etching and insulation with electrophoretic anodic paint. 18 The electrode shape was controlled by selective chemical etching to achieve a submicrometer-size optimization. Figure 6 shows a schematic illustration of a method for fabricating a pencil-shaped probe. An optical fiber was used to make the probe (Fig. 6A ). The relative etching rate of the GeO2-doped glass composed of pure silica glass depends on the concentration of a BHF (buffered hydrogen fluoride) solution mixed with a specific volume ratio of a NH4F solution (40 wt%)/HF acid (50wt%)/H2O. By changing the conditions between the first and second etchings, we obtained a doubletapered pencil-shaped probe, as shown in (Fig. 6B) . The pencilshaped optical fiber was the coated with a gold film by sputtering (Fig. 6C) . The gold-coated pencil-shaped optical fiber was insulated using a poly(acrylic acid)-based anodic electrophoretic paint (Elecoat AE-X, Shimadzu., Co. Ltd.). After electrophoretic deposition at 2.0 V (Fig. 6D) was removed from the solution containing the paint, washed and cured in an oven for 45 min at 150˚C to harden the insulating layer. The curing process caused the acrylic polymer layer to shrink on the gold surface. As a result, the nanometer-sized tip of the etched optical fiber coated with gold film is at the E stage in Fig. 6 . FE-SEM (Field emission-scanning electron microscopy) observations showed that the apex of the etched optical fibers was hemispherical.
The rapp value of a hemispherical nanometer-sized electrode can be determined by measuring the steady-state diffusion-limited current Id. A theoretical equation correlating Id and rapp is as follows:
where D is the diffusion coefficient, C* the bulk concentration of the redox-active molecules, n the number of electrons transferred per molecule, F Faraday's constant, and g the geometric factor. Parameter g is defined as 2π because of its hemispherical shape.
Using the Fe(CN)6 3-/4-redox species (D = 6.5 × 10 -6 /cm 2 ), the radius (rapp) was calculated to be about 100 nm or less. The probe was used for the simultaneous optical and electrochemical imaging of an implantable IDA (interdigitated array) electrode, which is very flat because the gold band areas are embedded in the glass substrate. Figure 7 shows the simultaneous (a) electrochemical and (b) optical single line scans of an implantable IDA electrode obtained using the probe (rapp = 105 nm). The IDA electrodes have 25 μm gold bands spaced with a 35 μm wide gap. The current increased by 42% over the gold and decreased by 36% over the insulator compared to the current obtained far from the surface. The resolution of the electrochemical image was found to be 300 nm at the cross section of the implantable IDA using a sub-hundred nanometersized electrode (rapp = 43.8 nm).
3·2 Sputtered nano-film electrode
A sputter deposition technique was used to extend the performance of the nano-probe by coating the tip with various thin films. We developed three kinds of films, including a nano-carbon film prepared by an ECR (electron cyclotron resonance) sputtering method, metal nanoparticles dispersed in a graphite-like carbon film and an amorphous ITO (indium tin oxide) film. The nano-carbon film prepared by the ECR sputtering method consisted of sp 2 and sp 3 bonds, and the content of the sp 3 bond increased with the increasing acceleration voltage applied between the target and substrate up to 75 V. 19 The film shows a hardness similar to that of diamond with optimized conditions, and also has a very smooth surface (Ra = 0.7 Å). For electroanalysis, the ECR sputtered nanocarbon film shows a much higher potential window than that of a commercially available glassy carbon electrode, as shown in Fig. 8 , and a window almost equivalent to that of boron-doped microcrystalline diamond. 20, 21 The ECR nano-carbon films showed an excellent stability when they were used to measure various biochemicals and environmentally important compounds. 22 We measured small oligonucleotides (5′-GAGA-3′, 5 -15 μg/ml) in 1.0 M pH 5.0 acetate buffer by backgroundsubtracted DPV (differential pulse voltammetry) with GC (glassy carbon) and ECR nano-carbon film electrodes. The peak currents assigned for the G (guanine) and A (adenine) oxidation at a second potential scan were reduced to 30% of those of the first scan at the GC electrode. In contrast, no such decreases in the peak currents were observed at the ECR nanocarbon film (formed at acceleration voltage = 75 V), indicating that the ECR nano-carbon film electrode suppresses fouling of the organic electroactive species on the electrode surface after the electrochemical reaction. Excellent stability can be obtained using the ECR nano-carbon film electrode when measuring other species, such as histamine, nonylphenol and bisphenol A.
In spite of the wide potential window and low background 60 ANALYTICAL SCIENCES JANUARY 2008, VOL. 24 current of the carbon-based electrodes, the electrocatalytic activity of carbon is not high compared to that of metal electrodes, such as platinum (Pt). We co-sputtered carbon and metals by an RF (radio frequency) sputtering method, and obtained dispersed metal nanoparticles in graphite-like carbon film electrodes. This method is versatile for various metals, including copper (Cu), Pt, nickel (Ni), iridium (Ir) and palladium (Pd).
23-28 Figure 9 shows TEM images of the dispersed Pt and Pd nanoparticles in the carbon film electrodes. The average diameters of the particles are 2.5 nm for Pt and 4.0 nm for Pd and are very uniform. McCreery et al. published a series of reports on the preparation of nanoscale Pt(0) clusters in GC by incorporating Pt in a GC precursor, followed by thermolysis at 600˚C. 29, 30 The obtained film contained 2 -3 nm Pt nanoparticles, which show high electrocatalytic activity. Fujishima et al. reported on electrochemically deposited Cu-or Ni-modified BDD films for electrocatalytically oxidizing sugars and amino acids. 31 Both methods require 2 or 3 steps to obtain metal nanoparticles dispersed in (or deposited on) a carbon film electrode. In contrast, the RF co-sputtering of carbon and a metal is very simple, and requires only one step at a relatively low sputtering temperature. Because the metal nanoparticles are tightly embedded in the film, the film is expected to be more stable than a metal-deposited carbon film. The carbon film electrodes with dispersed metal nanoparticles have excellent electrochemical properties compared to those of a bulk metal electrode.
For example, the HDVs (hydrodynamic voltammograms) of hydrogen peroxide for a carbon film electrode containing 2.9% Pt in a thin layer radial flow cell were obtained by FIA (flow injection analysis). The electrocatalytic current density at a carbon film electrode containing 2.9% dispersed Pt nanoparticles was ten-times that obtained at a bulk Pt electrode, suggesting its high electrocatalytic ability with regard to the electrochemical oxidation of hydrogen peroxide. 32 Carbon film electrodes containing dispersed Pt nanoparticles also show a high electrocatalytic performance for the electrochemical reduction of dioxygen and hydrogen evolution. 24 A large electrocatalytic current for oxidizing hydrogen peroxide was also observed at carbon film electrodes containing dispersed Ir and Pd nano-particles. Figure 10 shows the 10 μM glucose response at both (A) the glucose oxidase (GOx)-modified Pt-nanoparticles-dispersed carbon film electrode (6.5% Pt content) and (B) a GOxmodified bulk Pt electrode at a flow rate of 10 μL/min (pH 7, 0.1 M PBS). A stable baseline can be obtained at the Ptnanoparticle-dispersed carbon film electrode, while the baseline gradually decreases at the bulk Pt electrode. The magnitude of the baseline current at a 6.5% Pt-nanoparticle-dispersed carbon film electrode is much lower than that of the Pt bulk electrode. In contrast, the magnitude of the electrocatalytic current at the film electrode is about 1/3 that of the bulk electrode, in spite of the small Pt content. These results indicate that the surface of the Pt nanoparticles was maintained at a high activity compared to that of the bulk electrode, and also showed excellent stability. A stable baseline is particularly important for detecting trace amounts of biochemicals, such as neurotransmitters and hormones. We improved the detection limit of acetylcholine and choline by about one order of magnitude using the Ptnanoparticle-dispersed carbon film electrode compared to the bulk Pt electrode when we employed both electrodes as detection electrodes for liquid chromatography with an enzymatic prereactor system. 25 A high electrocatalytic activity for sugars was obtained using Cu-and Ni-nanoparticledispersed carbon film electrodes. For high-resolution XPS (Xray photoelectron spectroscopy) analysis, Cu(OH)2 and Ni(OH)2 in the nanoparticles could play very important roles during the high catalytic activity. 23, 26 It is well-known that a conventional ITO film surface induced the adsorption of phosphonate/phosphate groups. 33 This is of much interest with respect to the formation of self-assembled monolayers that are capable of improving the ITO film surface 61 ANALYTICAL SCIENCES JANUARY 2008, VOL. 24 by modifying it with various functionalized groups. 34, 35 We prepared an amorphous ITO film using RF sputtering under ambient low oxygen conditions, and found that the amount of phosphate adsorbed on the amorphous ITO film was 4.6-times that adsorbed on a commercially available polycrystalline ITO film, as determined by an XPS study. 36 The reason is that the surface of the amorphous ITO film has more hydroxyl groups, which can react with the phosphates/phosphonates, than that of the polycrystalline ITO film. 36, 37 High surface concentrations of hydroxyl groups may lead to high concentrations of adsorbed phosphate on the amorphous ITO film surface. Furthermore, our amorphous ITO film had a lower roughness (rms roughness = 0.55 nm) than the polycrystalline ITO film (rms roughness = 7.0 nm), suggesting that the phosphates were adsorbed at higher densities on the amorphous ITO film surface.
Such phosphate adsorption on the amorphous ITO film electrode at a high density can induce a noticeable barrier effect against anionic species, such as AA (l-ascorbic acid) and DOPAC (3,4-dihydroxyphenylacetic acid) during their electrochemical measurement, due to electrostatic repulsion between the anionic species and the more heavily adsorbed phosphate on our amorphous ITO film electrode surface. Indeed, the electrochemical responses for these anionic species on the phosphate-adsorbed ITO film electrodes were more effectively suppressed at the amorphous ITO film electrode than at the polycrystalline ITO film electrode when a phosphatecontaining electrolyte was used. 36, 38, 39 As shown in Fig. 11 , we also estimated the selectivity for cationic DA (dopamine) against these anionic species at the same concentration (100 μM) by comparing the peaks obtained by DPV. The phosphateadsorbed amorphous ITO film electrode revealed a high selectivity for DA (up to 880 against AA and 330 against DOPAC), unlike a polycrystalline ITO film electrode (DA selectivity of less than 120 against AA and 20 against DOPAC). Moreover, this barrier effect was observed when we measured the uric acid.
38,39 Such a high selectivity without any surface modification (e.g., Nafion) is particularly advantageous for measuring DA with a high temporal resolution.
3·3 Nano-dot SPR
For the detection of the specific binding of biological molecules, we employed the SPR technique. The change in the refractive index in a confined area of a gold surface caused by chemical and biochemical reactions can be measured by this technique with high resolution in real-time. SPR has already been used for the analysis of the surface flow condition in microfluidic devices 40 and surface specific electrochemical reactions, 41 and in biological molecular interaction measurements.
For bioinformatics analysis, we can detect biological binding reactions as a change in the refractive index, and no labeling or modification is needed to the target or captured molecule. Therefore, the SPR method is also advantageous for instant analysis.
The theoretical refractive index difference sensitivity of the SPR system using a continuous flat gold film is determined by the refractive index of the base glass materials and the wavelength of the excitation light; the practical sensitivity is determined by the accuracy of the resonance condition determination, which includes the noise of the optical detector, such as a CCD (charge coupled device) and a photodiode. In order to improve the detection sensitivity without losing the convenience of the measurement, we have employed LSPR (localized SPR) devices. LSPR have been studied for their principle and optimization of the particle size and shape design as biosensors. 42 In order to improve the measurement convenience and the refractive index detection sensitivity, we introduced a double-frequency spacing array of gold nanoparticles. Figure 12 shows one of the fabricated patterns of this device. A cluster of nanoparticles is also arrayed with a larger spacing. The internal array of a cluster was designed to show the LSPR, and the frequency of the cluster was designed to cause diffraction in the visible to near infrared wavelength region. We fabricated the array using EB (electron beam) lithography on a glass substrate, and incorporated it into a microfluidic device. The transmittance spectrums of this device showed the LSPR absorbance peak, and the binding of the biological reaction could be measured from the peak 62 ANALYTICAL SCIENCES JANUARY 2008, VOL. 24 wavelength shift of this spectrum. With the microfluidic device attached to the nano-particle array substrate, we demonstrated the ability of this system using an antigen-antibody reaction. We immobilized IL-1β (interleukin 1β) on a gold nanoparticle surface, and a solution containing anti-IL-1β was flowed over the surface using the microfluidic device. As shown in Fig. 13 , we were able to detect the kinetics of the antigen and antibody binding.
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3·4 Nano-dot MS target plate
We developed a nano-dot MS target plate that realized a higher reproducibility, especially in the measurement of a DNA sample by MALDI (matrix-assisted laser desorption/ionization)-MS. 44 MALDI is a means of soft-ionizing target samples via a matrix by laser beam irradiation. MALDI-MS is a powerful tool for analyzing biomolecules, such as peptides and proteins. However, it is still used only in a limited fashion in the field of DNA research, because DNA analysis by MS lacks reproducibility, and the detectable range of the DNA size is more limited than that of other biomolecules. If DNA analysis with MS could achieve a high reproducibility by a simple method, it would be a powerful tool, because an analysis based on molecular size can distinguish adenine, guanine, cytosine and thymine without any labeling, and also because measurements by MS require only a few seconds per sample. Because SNP analysis and genome sequencing are intensively performed, the rapid analysis of DNA with a higher reproducibility is significantly in demand.
Therefore, improving the DNA analysis by MS is an important issue.
A nano-dot sample target has a SiO2 wafer, which has 20 wells with nanosized Pt dots (60, 90 or 120 nm pitches), as shown in Figs. 14a -c. The reproducibility of the DNA mass spectrum using a conventional sample target (massive, Bruker Daltonics) and using the nano-dot sample target plate was compared. A DNA sample for this experiment was prepared by dissolving three different DNA molecules (MW: 4893, 5816 and 6713 each at 5 pmol/l in H2O) as a mixture. 3-Hydroxypicolinic acid was dissolved at 10 mg/ml as the matrix. The mass spectra of 60 randomly chosen spots in the wells were taken, and the success rates for each well were calculated. The result showed that the success rates when measured using the nano-dot target plate were 84% (60 nm), 77% (90 nm) and 68% (120 nm), while the success rate of the conventional plate was 13.9%. When using the nano-dot target plate, the S/N and the resolution of the obtained spectrum were significantly improved, which resulted in a high success rate. By taking SEM images, we found clear crystals of the matrix and that DNA tends to localize at the edge of the sampling spots on the conventional 63 ANALYTICAL SCIENCES JANUARY 2008, VOL. 24 sample target plate; there was no clear crystal pattern in the inner area (Fig. 14d) . On the other hand, when using the nanodot target plate, large crystals were formed on the edge of the sample spot, and fine needle crystals were formed in the inner area (Figs. 14e -g ).
3·5 Microfluidic devices
The microfluidic device is popular in many research fields, such as analytical, biochemical, medical, and environmental, because it realizes a fast analysis with a small sample volume. In general, microfluidic devices are composed of several materials, such as glass, 45 silica (Si), silicon nitride (Si3N4) and polymers. However, for a commercial product, a device with a lower cost and higher precision is desired. We now introduce two novel and simple techniques of fabricating microfluidic devices using polymeric materials to satisfy their purpose.
First of all, a fabrication technique for a standardized mass product is described.
Injection molding and imprinting techniques are suitable for producing a standardized mass product. A mother die was obtained using Si micromachining, glass micromachining, the LIGA (lithographic, galvanoforming, abforming) process and an electroforming mold copied from them. However, these techniques are still costly. One of the solutions for preparing a low-cost mother die with high precision involves using a photoresist as the master for electroforming. We succeeded to fabricate the mother die from a photosensitive sheet, and imprinting the microchannel pattern onto a polymethylmethacrylate (PMMA) substrate. 46 In Fig. 15 , an SEM image shows that the bottom of the channel had a very flat surface after the pattern was transferred to the PMMA substrate.
As an example of our novel process, an electrophoresis chip was prepared using PMMA for a DNA analysis. The result showed that the fabricated chip had an equivalent DNA separation performance compared to a similar ready-made product.
Next, a fabrication technique for a large variety of products in small quantities is described. A wet etching process or a dry etching process is commonly used to prepare a microchannel composed of Si and glass materials. Recently, liquid-type photoresists, such as SU-8, have been used to create microchannels with high aspect ratios.
We introduced photosensitive sheets for fabricating a microfluidic device, which resulted in several advantages over SU-8. For example, they require fewer processing steps than SU-8, because they do not require a pre-bake, and double bonding does not need additional preparation steps. Photosensitive sheets also have the advantages of adhering to other substrates, not requiring liquid handling, short processing times and a uniform thickness. The aspect ratios that have been achieved for channel patterns are approximately unity, which is lower than those obtained using SU-8, but the value is sufficiently high for producing microchannels. We evaluated the characteristics of microfluidic devices produced from a photosensitive sheet for practical purposes. 47 To obtain thicker sheets, the sheets can be easily stacked by lamination. Figure 16 shows a cross section of a Pyrex-Photosensitive sheets-Pyrex layered sample. The microchannel was not damaged by the lamination process, even though the development had been completed. The results confirm that microfluidic devices fabricated using photosensitive sheets are suitable for use as disposable devices for certain applications and for 3-D microstructures, such as a dam structure in the microchannel. In addition, the fabrication process is easier than other techniques based on Si and glass micromachining.
Real-time Cellular Imaging System
In order to understand the pathology and physiology of the cell, and to realize a single-cell level diagnosis, it is necessary to measure the real-time imaging of multiple phenomena of a single cell with high special and temporal resolutions. Multiprobe imaging, including AFM, optical and SECM modes could provide us with topological information and biochemical reactions in the local area of the interior and exterior of a cell. We applied scanning electrochemical/optical microscopy to image PC12 cells. PC12 cells are part of a dopamine-releasing immortal cell line established from rat adrenal glands. Figure  17a shows a micrograph of the PC12 cell and an optical fiber electrode. The tip of the probe, which was illuminated by a coupled Ar + ion laser, can be seen, and this illuminated tip functioned as a nanometer-sized electrode. The size of the PC12 cell and optical fiber electrode can be compared in the figure. The PC12 cell was imaged by the negative-feedback mode of an SECM. The obtained image is shown in Fig. 17b . The neuritis of the PC12 cell is well defined, and the SECM image produced very distinct regions of decreased current on the neuritis. This region, observed by decreasing the current, is a raised structure, which is not visible in the optical micrograph. The scale of this SECM image also had the same resolution as that of optical imaging. Further improvements of the system are now under way, including a feedback mode (e.g., shear force or current feedback mode) and the addition of other imaging modes, such as AFM. Such a multi-imaging scanning probe microscope will enable us to combine it with molecular probes to image the inner cell or cell surface reactions, and also to detect the release of biochemicals in the SECM mode at the same time. This means that we could be able to realize the total real-time analysis of a single cell.
Comprehensive Analysis System for Cellular Responses
Cells respond to their specific substances via their ligands. To determine the functions of cells, a comprehensive analysis of the protein-protein interaction is an important issue. For this purpose, we have developed a "comprehensive analysis system for cellular responses". This system is based on SPR and MS. SPR is a method for measuring molecular interactions based on local refractive index changes upon the association of ligands and receptors in solution. It has an advantage that the interaction of non-labeled molecules can be measured; furthermore, it is suitable for determining unknown matching analytes. MS is a method for obtaining molecular sizes, and today it is being used for the identification of proteins. Here, we introduce a system for the comprehensive analysis of protein-protein interactions by combining SPR and MS using a newly developed nano-fabricated substrate. In this system, the multiplexed analysis of SPR and MS on a single substrate without transferring samples has been simply realized using an ordinary plate reader and MALDI-MS. This has been achieved by adopting LSPR as a detection device. The nano-fabricated substrate for the SPR-MS is a standard microplate size (80 × 123 mm) having 96 through holes with a glass on top. On the glass are oval-shaped nano-dots (long axis frequency, 500 nm; short axis frequency, 120 nm). Molecular interactions between the immobilized species on the nanometal structure and the analyte species can be detected by the peak shift of the absorbance spectrum, because the local refractive index increases due to the molecular interaction. If a spectrum shift occurs after allowing the immobilized molecule to react with a specific analyte, this indicates that the ligand is bound to the analyte. The absorbance spectrum of 96 sensor areas can be instantly measured by a plate reader. The analytes are identified by putting a matrix solution onto the sensor areas that showed a spectrum shift, followed by measurement by MALDI MS.
The interaction between the IL-1β and anti-IL-1β antibodies was detected on the basis of using this concept with the newly developed substrate.
The anti IL-1β antibodies were immobilized on the sensor, and the sensor area was blocked with ovalbumin in PBS. A sample consisting of 5 μl of 100 μg/ml IL-1β in PBS was dropped onto the sensor, and the absorbent spectrum was obtained. The spectrum shifted from λmax=839.7 nm to λmax=841.1 nm, indicating that the IL-1β was captured by the antibodies. After the LSPR was detected, 1 μl of a saturated α-cyano-4-hydroxy-cinnamic acid (matrix) solution was dropped on the sensor area, and the substrate was placed in a MALDI TOF-MS (UltraFlex, Bruker Daltonics) equipped with a pulsed nitrogen laser and a delayed extraction ion source. The mass spectrum was obtained, as shown in Fig.  18 , which indicates a molecular weight of IL-1β (17500).
The nano-fabricated substrate for SPR-MS is expected to be used for the comprehensive analysis of protein-protein interactions via the following steps: (1) preparing the DNA library of interest, (2) cloning the DNA library into expression vectors and expressing the proteins, (3) immobilizing the expressed proteins onto the sensor areas of the substrate, (4) allowing the substrate to make contact with the analyte mixture 65 ANALYTICAL SCIENCES JANUARY 2008, VOL. 24 (e.g., cell lysate) and measuring the absorbance spectrum shift with a plate reader to find the positive spots that reacted with specific analytes, and (5) applying a matrix solution onto the positive spots and loading the substrate into the MALDI MS to measure the mass spectrum of the positive spots in order to identify the analytes. Furthermore, we hope to connect the microfluidic device for the preparation steps in order to realize a highly-automated system for the purpose of drug discovery.
